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TRACER EXPERIMENTS TN EASTERN DEVONIAN SHALE
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GEuANALYSIS GROUP, ESS-5
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ABSTF4CT

For the purpose of characterizing the propertlet

of [h@ Easlern Dtvonlan gas shale, ● ●even-day tracer

●qerim@nt u-s carried out in August of 19BI by the
Los Alamos National Laboratory as part of the DOE’O

Offset-L’ell Test. Two wellm had been drilled in a
Columbia Gam Company flmld in southeastern Ohio, ●ach
with ● downhole eepararlon of ●pproximately 120 f-et
from ● n ●xieting production well. The lcuc~les
triangle formed by the thrc~ wells had ● n ●pex angle
O* ●ppromimat~ly 110 d~grcrm. About \6,000 SCF of
nltro~cn w~ro lnjccttd into ● producing zone located
at a d~pch of 3300 fewt in on. of ths walls. cat um6

Ltlull produced from ch~ various wells at different
valea ●nd preanurem for thr duration of th~ test.
Both prtssur~ and gas composition in the Lhrao wtllt
ware monttorod thoughout the tect.
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Appalachian Basin for ❑ ore than fifty years, tiler

still a wide ran:e o! opinion concerning the na

uf the underground ●cora,ge of the gac. Stlmula
methods for production wells vary, depending
whether the ❑ethane is otored in the pores or in

fracturea. one of the purpones of th? tracer
wafi to determine the relative ●mounts of ga. in

dlfferant ctorag~ ●edia.
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The test WS6 based on ● concepL1 orig!!)ally

propoted by Lincoln F, Elkinc of Sohio 011 Cor!; an:,
It used an old methane weil, which continues co bt a

useful pruduct inn WFI1 ● VPII ●fter ●lBhteen yrars 0!
flow. In ●dditlon, the cxparlment ●mplf,yed LWO nr~
wellm drlll~d n~ar the production WQ]I ● m p,)rt of t!)e

DOL’e Offset UC]] Tast . In Elkln@’* concepr, n
tracer or trac=rm would be Inject-d into onc of t’
wells, ●nd then thic wall back-produced. Thr
concentration-tlmr behavior of the tracern in tll?
Wrll ●ffluent tiou]d gfva in~ormat ion concernln& th)r

ecorsae characteristics of th~ gas in the thal~.

In our teat, we fnjectcd 5b,000 SCF of nl t r,,g,.n
Into onc of the new wells ●nd subsequently bacA-
pruduccd thfo fnj-ctlon UP1l, The old pr,,durtlorl
W*I1 and [h? accond now w*II were ●llowrd iII flow at
raten euif!clent for ch~mtcal analycl~. Rn[Pm wc rv
arrmctfmce hl~hcr than this, du? to I@akn, but Ihr
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fractures. For the Hur:n :Ieruher in Meig? County,
w:lere the test was performer!, the highest frequ nr.y

5
of parallel fractures has a N50°E tO N60°E trend.

I Configuration I
Two well@ were drilled n.~ar a pr~ducing ~rthane

well, whi ch Is officially registered as Hell 10056.
Well 10056 ia referred to as Well C in tile reminder

of thin report. Well A was offset ‘ram Lfell C in ●

direction parallel to the primary fracture trend
dencribed above. Well B was offmet :rom Uell C in a

direction approximately perpendicular to the trend.
Figure : Show6 the orientation and downhole

teparatlon of the three wello. The ●ngle ACB in

about 110° and the distances AL and CB ●re 118 ft.

Each well was drilled LO a total depth of ●bout
3500 ft, wh!ch 1s near the bane of the Huron Member.
The ~jor gaa producfng :one lies in the Interval
135-115 ft above the 3400 ft l~vel in:iellt A ●nd C.
From p,esaure build-up !esca’, we conclude that Yell
B is not in c:ofie communication with Uel16 A and C.

Figure 2 cummarlze6 the I)ole conflgur*tlon in
each well. Mel] C h~s F total depth of 3400 ft. Tl,e
wt.11 Is caaed to a depth of 2120 ft ●nd has ●

diameter of 7 inche~. Below t)~in level the hole is
uncaaed, having ● nomlna] 6 ]/6 in. diameter. The

l~er 200 fc nf the well wat shot loaded with
nitroglycerin [0 ●nhance communlca: ion wlL!l the
natural fracture network. Steel tubing having an
lnslde diameter of 2.05 In. was inserted from the
curfacr co a depth of 3400 ft. Tl\? lower 100 ft of
the tub(nR In slotted to 8110- ga~ flow !nLo tne
string. Figure 2b ahous an ●nlargrd JIe. of [he

lw~r 170 ft of well C. A downhole presfiure pack~ge I
●.,i mtipporting wire cable are ●lao shown.

I
Wells A ●nd F ha~le 8 In. d!~mrtern ●nd ● re

cased [rJ ● d-llth Of 21fJ0 f[. The total drp[h of Uell

A 1s 34LlL ft; of Well B, 347U ft. A ~~ek~r was met
In Hell A ●t ● d~pth of 331!I ft, ●nd tuhln,t with ●

dlam~tcr of 2.05 In. wan Inbrrtrd frun th. s~rfac-

thrc>uRl! [he center uf the packer. No cenira, tubina
mtrlng wan Ins?rtrd Into G(11 B. Figurcm 2i and 2d
●h.~w df)wnllole pipe crb,~flgurat Innm for Mell# A ●nd B,

r~.pccllvelym

Inntrutuenlat Ion
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shut-in pressure (fIOO psi) of the reservoir LO force
the tracer gas into Lhe pore apace, if ouch a storage

potential exists. Third, it iiep safely below t;?e
mmimum pr:aeure-differential con6craints of t:le
packer, aet in Well A to laolate the major
&a8-prOdtlCin& zone. Baaed on pressure and
temperature data and on the respective N2 cuoe
trailer volumes, the total ●mount of N2 injected was

calculated to be 56,000 SCF.

At the start of phase 2, Yell A was
back-produced through ● preaaure regula:or. Wren the
preaaure at ihe wellhead had dropped to 100 psi, the
regulator was adjusted Lo maintain thin pressure for

the remainder of the teat. A amd~l amount of gas (80

SCFH) was drmwn off ●nd run through the sampling

lines of the Los Alamoa lno!rument trailer. Thr
●xperimental plan called for the flow It Uells C and
B to be restricted to 80 SCFH; however, th:a kwnd.+ry

condition wan not fulfllled bccauce of ● nlow leak
around ● coupling near ihe bmee of che Well B

chriatmaa t ree ●nd becauce of a profusely ●nd
aporadlcally leaking rubber ●aa] at ~el] C. A
comprernced N2-driven &reaner waa on locat ior, at Ken

C to prevent the leek, but the greaae meal W?S
breached several ttmcm during the caat. From the

data behavior, the flow ratec from Urn C during th:
leak parluda can be calculated with reasonable
●ccuracy. The leak ●t Well B waa constsnr. and while
not quantiflabic from meaaured data, lt offc:b IIO
real hindrance to our final ir,terprstationa because
of th~ relatively low level of reaervolr Interaction
●t B. These ~ttera ● re discussed In the datm-summary
Sect Ion below.

The computer-controlled, data-collection systcm
wan hou~ed In a Los Alamofi Instrument trailer. The
32-ft srandard trailer wam blockad ●[ld cribbed ac n
lncutlon midway between well- A ●nd B. An HP-9815
computer •ctivm~=d the ga- ●ampllng syltem ● nd
recorded prensurern. The systea rxtractcd Enn samp!cs
from ●ach Wd lhaad In Btaggercd aequenee or In ●ny
ardcr requc~tad by the oporator. Th@ mln:rnun rime
rcqulrrd for ● pmrtlculat mmmplr to be annlyz-d hy

the gas chromsto~raph was twenty ■inutas; co 1! ●ll
tlbree wells wre being ●nalycad, ●ach well WHO
●a.mpl~d once ,!vtry hour. Alrornativwly, m given uclI

could be a~~p:ed thrc~ t lmom cve ry hour if the
npe rat 0: ● o demir-d. The HP-581A Ban chru,ut,~raph
●nalyc~d the production ~ames ●nd ractrrd~d th- dtlta
on ● floppy d!ac. A hard copy of th~ oatm was ●lmo
ud? on ● data lo~gwr.

Th@ trall@r wau cnnnrctwd to the wells with
half-iorh copper tubing, using the entnltng fl[tln@ll
●t tlIr wallh~~ds. Rell@f valvms mjtmid~ thr trtsllrr

protectsh its syatam frum the back-flow of hiuh
prmasurc ~a ● fr[,m thn wells, All cublrtg lnsldv [II(

Lrallar was ●rainlcsa ctrcl. In ●ddition to tlie SrIn
aampl* taken, alx tndrp~ndcnt proaaurt -anuram~ntc
w~r~ recorded by :110 HP-9835 cvmry tw*nry ■fnutcn.
One pr-nmure tranmducor was Iocarmd in ra:h of the

w~llhcads ●nd rrn~ In the ●nnulua of Mall A for Lhe

dtira! Ion ,If thr teat. The fifth transdurcr was ucrd

in thr tub, crall~r lnj~rtltrn lin~ during phr~~ 1.

Th@ ●lnth Iraumdu!:cr was us-d part of the tlrw in tho
hack-flow ltnc i)f U-II A ●. ● aafmty fmature,
pr[,vldin~ m maria for idcntlylng Qnrpno[v- prrs.ura
bu!l d-up.

—— —- .——— 1
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The Morgantown Energy Technology Center recorded

downhole prefi.sure8 in Uells A and B, using two

berada RPG-3 gaugen for co~tinuous pre6sure

ocrlbing. The gauge placed in well B had a 180-hr

clerk nnd a peak pre~ssure range of 1000 pnlg. The

BLI ied in Uell A had a l~k-hr clock and a maximum
preb. range of 1500 psilg. The gauges were pulled

from L holes ~idway through the test, so the clocks

could b, ewound, and were then reinserted. These

pressure ,~ariuremencs were uned ● s ● check on the
uellhead preb9Ur@S we recorded.

EXPERI!iEfiTAL h:SULTS—— .—
Precsure data—.— —

The wellhead precaurea for the :hree wells

throughout the tent ● re presented in Fig. 3. Aa

nentioned ●arlier, downhole pressures w~re recorded

by Plorgantown Energy Technology Cenr.er, ●nd these
dere consistent with the preamurea given in Fig. 3.

The litjectlon period IS clearly vialble in the
Jell A pressures, followed by ● very faat preaaure
drop to the range of 100 psi. It remained there
throughout the rent of the ●xperiment . Minor

fluctuations In the pressure occurred during thla

lticter pf riod, ●nd che pressure wan controlled

manually by raodifylng the flow rate from the well.

The pressure in Well C (th@ old producclon well)
rose steadily ● s nitrogen ua c injected, then

proceeded to fall ae th~ Injectior well waa back-
produced. Slgnlflcant fluctuations in Hall C’a
pre~aure occurred sporadically, indicating che

c.ccurratnce of the leak described ●arlier. The slow

pre~.s,lre rises indicate the re-seallng of the well

tnd the tempormry ●llmlnat ion of the leak.

Hell B’s precnure trace merely chows ● steady,

though rather minor, rime throughout LhF duration of

Lh@ ●xperiment. The minor nature of thla preaaurr
rice lnd!cate~ th? lack of ●ny sort of direc<
connection between Wells A and C ●nd UQ1l B.

Nitro~*n corr~oalclnn dara-- --- -. — —-—

Thr percentagrm of the nitrogen tracer In the
thrre gamem at thr wellheadrn ● rc preacnted In Fig. k.

It can be r~adl Iy ohnervcd that there la marked
●rruc[ure In thr data, ●nd thlc ●uguro well for

●fgnlflcant ●nalyala.

FUTURE UORK—. . . . —-—.

Th@ stage la now s~t fur ●nalymlm of th~ dcta.
rmputtr cod~s have been drveloped for analyclng data

of Lhla typt, baaed on carefully formulated
Mchem(lcnl mnd~la. The detall~d interpretation

requf r~a ma!chlng th? rrnultn (rem tl)esc models to

the data prasant~d shove. The rock In charact~ri~ed

by two baalcally dlfferenc furmi of porosity ●nd
pemonblllty. On@ of thenc d-acrlh~m the potantlally

●nlaotruplc ●nd nnn-homogenroua network o! fracturea

that int~rlacen ●bout. the unfra-,tured blockm. The

other demctlbc: the proprrtleo of thp blocke

themmalvca.

The fundnm~nta] ●lruCLur@ of our modrlm ia baaed

on the prtnclpl~s of memm, mntmnt urn and en~rgy

trnnaport of tracer-laden co.nprammtbl~ EmrI thrrsuhh a
porous and p*rmcahl@ -t~rial. For each nati

invn.tlgat inn a nmall numhcr of pmramvtprm mint be

specified to characterize the rock. In part these
can be measured by an analysis of fiamples from cores
or outcrops. In part they must be derived by a
careful comparison of calculational results with
field-tent data. When the data and calculational
reaulce closely match, then the parameters required
for the matching ca]culationn can be considered to
characcerlze tt.e rock properties.. Moreover, the
results of the matching calculation will yield an
●hndance of infor~tion that ic unavailable from
field wamurements.
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